Summary
Standardized ileal digestible (SID) amino acid:lysine (AA:Lys) ratio experiments are commonly conducted to estimate the AA requirement of pigs relative to lysine (Lys) and allow for accurate diet formulation. The objective of the studies herein was to validate a dietary approach to determine the optimal SID AA:Lys ratio for pigs using tryptophan (Trp) as a model. Four 21-d experiments were conducted in which pigs (337 × 1050; PIC) were fed corn-soybean meal-based diets with 30% corn dried distillers grains with solubles (DDGS). A total of 1,188, 1,232, 1,204, and 1,183 pigs with initial BW of 28.5 ± 0.4, 50.1 ± 1.3, 127.0 ± 2.5, and 192.5 ± 2.6 lb were used in experiments 1, 2, 3, and 4, respectively. Each experiment had 11 pens per treatment with 24 to 28 pigs per pen. In Experiment 1, each pen housed the same number of barrows and gilts, whereas in Experiments 2 to 4 only gilts were used. Dietary treatments were: (1) High CP, High Lys, and High Trp:Lys ratio (HHH); (2) Low CP, High Lys, and High Trp:Lys ratio (LHH); (3) Low CP, Low Lys, and High Trp:Lys ratio (LLH); and (4) Low CP, Low Lys, and Low Trp:Lys ratio (LLL). The SID Trp concentrations used were 14.5 vs. 20% of Lys, CP was at least 3 percentage units different, and SID Lys levels were 0.01 percentage unit above the estimated requirement at the expected initial BW and 0.10 or 0.05 percentage units below requirement at the expected final BW of the Experiment 1 (nursery) and Experiments 2, 3, and 4 (finishing), respectively. In Experiment 1, decreasing CP (HHH vs. LHH) did not influence ADG but increased (P < 0.05) F/G. Decreasing Lys (LHH vs. LLH) and decreasing the SID Trp:Lys ratio (LLH vs. LLL) reduced (P < 0.05) ADG and increased (P < 0.05) F/G. In Experiment 2, decreasing CP (HHH vs. LHH) did not affect ADG but increased (P < 0.05) F/G. Decreasing Lys (LHH vs. LLH) and the SID Trp:Lys ratio (LLH vs. LLL) decreased (P < 0.05) ADG and increased (P < 0.05) F/G. In Experiment 3, decreasing CP (HHH vs. LHH) or Lys (LHH vs. LLH) did not influence ADG or F/G. Decreasing the SID Trp:Lys ratio (LLH vs. LLL) reduced (P < 0.05) ADG and increased (P < 0.05) F/G. In Experiment 4, decreasing CP (HHH vs. LHH) did not influence ADG but increased (P < 0.05) F/G. Decreasing Lys (LHH vs. LLH) had no effect on performance, but decreasing the SID Trp:Lys ratio (LLH vs. LLL) reduced (P < 0.05) ADG and increased (P < 0.05) F/G.
In conclusion, low-CP diets formulated 0.10 and 0.05 percentage units below the SID Lys requirement at the end of the experiment's weight range appear to ensure pigs are
Introduction
Low-CP, amino acid (AA)-fortified diets are commonly fed in the swine industry due to the increased availability and decreased cost of feed-grade AA. Pigs fed low-CP diets have similar performance to pigs fed high-CP diets as long as essential AA are supplemented to meet the pigs' requirements. The tryptophan (Trp) requirement can be expressed in different ways; however, the standardized ileal digestible (SID) Trp requirement expressed as a ratio to lysine (Trp:Lys) is considered a practical approach for diet formulation. Lysine is the first limiting AA in most of the cereal grain diets used in swine. Because the Lys requirement when reported as a percentage of the diet decreases as BW increases, if the experimental diet is not limiting in Lys at the end of the experiment's BW range, the ratio of other AA to Lys will be underestimated; therefore, Lys must be the second limiting AA throughout the experiment. The objective of these studies was to validate a dietary approach to determining the optimal SID AA:Lys ratio for pigs using Trp as a model.
Procedures
The Kansas State University Institutional Animal Care and Use Committee approved the protocol used in this experiment. The studies were conducted at 2 commercial research barns in southwestern Minnesota. The nursery barn in which Experiment 1 was conducted was totally enclosed, environmentally controlled, and mechanically ventilated. Each pen (3.7 × 2.3 m) was equipped with a 6-hole stainless steel dry selffeeder (SDI Industries, Alexandria, SD) and a pan waterer. The finishing barn was naturally ventilated and double-curtain-sided. Each pen (5.5 × 3.0 m) was equipped with a 4-hole stainless steel dry self-feeder (Thorp Equipment, Thorp, WI) and a cup waterer. Both barns had completely slatted flooring and deep pits for manure storage. Each facility was equipped with a computerized feeding system (FeedPro; Feedlogic Corp., Willmar, MN) that delivered and recorded daily feed additions and diets as specified. Pigs had ad libitum access to feed and water.
Four 21-d growth experiments were conducted with two groups of pigs. Experiment 1 was conducted with a group of nursery pigs, and Experiments 2, 3, and 4 were conducted with a group of finishing pigs. A total of 1,188, 1,232, 1,204, and 1,183 pigs (337 × 1050; PIC Hendersonville, TN) with initial BW of 28.5 ± 0.4, 50.1 ± 1.3, 127.0 ± 2.5, and 192.5 ± 2.6 lb were used in Experiments 1, 2, 3, and 4, respectively. Each experiment had 11 pens per treatment with 24 to 28 pigs per pen. In Experiment 1, each pen housed the same number of barrows and gilts, whereas only gilts were used in Experiments 2 to 4. Dietary treatments (Tables 1, 2, 3, and 4) were: (1) High CP, High Lys, and High Trp:Lys ratio (HHH); (2) Low CP, High Lys, and High Trp:Lys ratio (LHH); (3) Low CP, Low Lys, and High Trp:Lys ratio (LLH); and (4) Low CP, Low Lys, and Low Trp:Lys ratio (LLL). Corn-soybean meal-based diets with 30% DDGS were used with different SID Trp:Lys ratios (14.5% vs. 20%), CP (at least 3 percentage units difference), and SID Lys levels (0.01 percentage unit above requirement at the expected initial BW and 0.10 or 0.05 percentage units below requirement at the expected final BW of the nursery and finishing, respectively). Lysine requirements were estimated using the NRC (2012 5 ) model for mixed gender pens of pigs for the nursery phase and for gilts only for the finishing phase. Diets were balanced to have the same NE and Ca:standardized total tract digestible (STTD) P ratio.
Five representative samples of corn, soybean meal, and DDGS were collected each week for 5 wk and analyzed in duplicate for total AA and CP by Ajinomoto Heartland Inc. (Chicago, IL) , and values were used in diet formulation. Other nutrients and SID AA digestibility coefficient values used for diet formulation were obtained from NRC (2012).
Pens of pigs were weighed and feed disappearance was measured at the beginning and at d 21 of each experiment to determine ADG, ADFI, and F/G. There were 21-d periods between the finishing experiments, in which pigs were fed a common diet that met or exceeded NRC (2012) nutrient requirements and contained 20% SID Trp:Lys. Caloric efficiency was calculated on a pen basis by multiplying total pen feed intake by the dietary energy level (kcal/lb) and dividing by total pen gain.
Diet samples were taken from 6 feeders per dietary treatment 3 d after the beginning and 3 d before the end of each experiment and stored at -20°C, then total Trp, other AA, and CP analysis were conducted on composite samples from each dietary treatment by Ajinomoto Heartland, Inc. Diet samples were also submitted to Ward Laboratories, Inc. (Kearney, NE) for analysis of DM, crude fiber, ash, crude fat, Ca, and P.
Data were analyzed using the MIXED procedure of SAS (SAS Institute, Inc., Cary, NC) as a randomized complete block design. Pen was the experimental unit for all data analysis. The model included terms for the fixed effects of dietary treatment with the block (initial average pen BW) as a random effect. In addition, for Experiments 3 and 4, dietary treatment from the previous experiment (2 and 3, respectively) was also considered a random effect. Treatment means were separated using pairwise comparisons of means performed using the DIFFS option from the LSMEANS statement of SAS. Results were considered significant at P ≤ 0.05 and a tendency at P > 0.05 and P ≤ 0.10.
Results and Discussion
The nutrient and total AA analysis of the diets (Tables 5, 6 , 7, and 8) were reasonably within the expected variation reported by Cromwell et al. (1999 6 ). The analyzed total Trp for the LLL treatment in Experiment 1 was higher than expected, but due to the reduction in growth performance when comparing the LLH vs. LLL treatments observed in that experiment and because the analysis of free L-Trp agrees with formu- lated values, the researchers believe that this variation could be due to the analytical procedure.
In Experiment 1, decreasing CP (Table 9 ; HHH vs. LHH) did not influence (P > 0.05) ADG and final BW but increased (P < 0.05) ADFI and, consequently, F/G and caloric efficiency. Decreasing Lys (LHH vs. LLH) and decreasing the SID Trp:Lys ratio (LLH vs. LLL) reduced (P < 0.05) ADG, ADFI, and final BW but increased (P < 0.05) F/G and caloric efficiency. In Experiment 2, decreasing CP (HHH vs. LHH) did not influence ADG and final BW but increased (P < 0.05) ADFI and consequently increased F/G and caloric efficiency. Decreasing Lys (LHH vs. LLH) reduced (P < 0.05) ADG and final BW but increased (P < 0.05) F/G and caloric efficiency, with no change in ADFI. Decreasing the SID Trp:Lys ratio (LLH vs. LLL) reduced (P < 0.05) ADG, ADFI, and final BW; however, F/G and caloric efficiency were increased (P < 0.05). In Experiment 3, decreasing CP (HHH vs. LHH) did not influence (P > 0.05) ADG, F/G, caloric efficiency, or final BW but increased (P < 0.05) ADFI. Decreasing Lys (LHH vs. LLH) had no effect on pig performance. Decreasing the SID Trp:Lys ratio (LLH vs. LLL) decreased (P < 0.05) ADG, ADFI, and final BW but increased (P < 0.05) F/G and caloric efficiency. In Experiment 4, decreasing CP (HHH vs. LHH) did not influence ADG, ADFI, or final BW (P > 0.05) but increased (P < 0.05) F/G and caloric efficiency. Decreasing Lys (LHH vs. LLH) had no effect (P > 0.05) on pig performance. Decreasing the SID Trp:Lys ratio (LLH vs. LLL) reduced (P < 0.05) ADG and final BW, whereas ADFI was not affected (P > 0.05), so F/G and caloric efficiency were increased (P < 0.05).
Low-CP, AA-fortified diets did not influence ADG or final BW in any experiment compared with pigs fed the high-CP diets with increased soybean meal. Pigs fed low-CP, AA-fortified diets in Experiments 1, 2, and 3 had increased ADFI and consequently increased NE intake compared with those fed high-CP diets. In addition, F/G was increased in Experiments 1, 2, and 4 in pigs fed low-CP diets, which suggests that the NE used for corn was overestimated or that NE values used for soybean meal and added fat sources were underestimated.
The SID Lys concentrations used in diet formulation were 92, 95, 94, and 93% of SID Lys requirement estimates suggested by NRC (2012) at the end of the BW range for Experiments 1, 2, 3, and 4, respectively. Using diets with 92 and 95% of the estimated SID Lys requirement at the end of the BW range for 29-to 52-lb and 50-to 80-lb pigs was sufficient to statistically reduce growth performance (LHH vs. LLH); however, for 127-to 162-lb and 193-to 237-lb pigs, using diets with 94 and 93% of SID Lys requirement at the end of the BW range resulted in only a numerical increase in F/G and reduction in ADG and final BW between the LHH and LLH diets. This result suggests that one should formulate SID Lys to be less than 93% of the NRC (2012) requirement estimate of the final BW of the experiment when determining AA:Lys in pigs heavier than 80 lb.
In all experiments, pigs fed diets with 14.5% SID Trp:Lys had decreased performance compared with pigs fed diets with 20% SID Trp:Lys, which indicates that Trp was definitely the first limiting AA in the LLL diet. Also, in Trp:Lys ratio studies, a Trp ratio of 14.5% of Lys may be a good starting point for observing a response to increasing Trp.
We recommend the following procedures as critical to successful characterization of AA:Lys ratios:
• Analyze dietary ingredients before formulation and use analyzed AA concentrations in the diet formulation.
• Ensure that diets are formulated to be below the SID Lys requirement for the entire feeding period using the NRC (2012) for the specific weight range, energy level, and gender. Based on the results of these studies, formulating diets with 0.05 percentage units below the SID Lys requirement estimate at the final BW of the experiment is enough for pigs under 80 lb, but for pigs heavier than that, it only numerically increased F/G and reduced ADG and final BW.
• Conduct experiments with a short length (e.g., 3 to 4 wk) to ensure Lys is below the requirement for the entire period.
• To ensure that diets were indeed formulated below the SID Lys requirement, conduct a preliminary experiment or include a dietary treatment in which Lys is above pigs' requirement.
• Ensure that all other AA are high enough to decrease the probability that another essential AA is deficient (e.g., SID ratios of 65% and 68% for Thr in early and late finishing phases, respectively; 70% Valine:Lys; 55% Isoleucine:Lys; 60% Methionine & Cysteine:Lys; 100% Leucine:Lys; 32% Histidine:Lys).
• Analyze diets after formulation to determine actual Lys and other AA levels that were fed.
• In conclusion, low-CP diets formulated 0.10 and 0.05 percentage units below the SID Lys requirement at the end of the experiment's weight range appear to ensure pigs are below their Lys requirement when determining the optimal SID Trp:Lys ratio for 29-to 52-lb and 50-to 80-lb pigs, respectively. For pigs heavier than 80 lb, formulating diets at 0.05 percentage units below the SID Lys requirement at the end of the experiment's weight range can limit the ability to provide statistical evidence that pigs are under their Lys requirement. ---) 
